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Abstract
It is shown that a massive gauge boson in the initial or final states in scattering processes have
two transverse polarisations and no longitudinal polarisation.
PACS numbers: 11.15.-q, 03.70.+k
For a long time, massive gauge bosons appear to be very awkward. One of the main accusations is
that their explicit mass term spoils the renormalizability of the Yang-Mills gauge theories. For studies
on this subject see refs. [1-8] where [1] includes our recent work. In this paper we investigate a related
but more extensive problem: a massive gauge boson was thought to have longitudinal polarizition and
thus often leads to ’catastrophes’. We will prove that a massive gauge boson in the initial or nal states
has no longitudinal polarization at all. Thereby all the ideas based on the existence of such a kind of
longitudinal polarization should be abandoned.
No matter what kind of massive gauge theory is, the gauge bosons in initial or nal states are always










where Aµ stands for the gauge elds and
Fµν(x) = ∂µAν(x)− ∂νAµ(x) . (2)
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As it is well known, the mass term leads to the Lorentz condition
∂µAµ(x) = 0 . (3)
The quantization under such a constraint condition can be carried out by following the path-integral
method of ref. [1]. Furthermore, according to refs. [1,5] one can regard the theory as a gauge invariant
theory by replacing the mass term with a gauge invariant quantity eLAM which is equal to the original
expresion when the Landau gauge is chosen. Thus, the eective Lagrangian in the ξ−gauge has the form
Leff = − 12ξ
(
∂µAµ(x)







+ eLAM , (4)
where ξ is a real parameter and L(C) is the ghost Lagrangian
L(C)(x) = −(∂µC(x)∂µC(x) . (5)












µ + L(C) , (6)
and perform a canonical quantization and dene the eld operators and the Hamiltonian opereator H0
by paying no attention to the constraint condition. We then dene the physical state subspase with
the help of the physical eigen states of H0. Assume that the operater of SCS is anti-hermitian and
therefore that of C is anti-hermitian. Let ω1(x), ω2(x) stand for C, iC(x) and 1, 2, µ stand for the
canonical momenta conjugate to ω1(x), ω2(x), Aµ respectively. Thus the operators of these qiantities in
























































































































= 0 . (18)
The restriction of the Lorentz condition on a physical state jΨphi can be expressed as
kµaµ(k)jΨphi = 0 (k0 = ω(jkj)) . (19)
For a single particle state
εµ(k, λ)ayµ(k)j0i (20)
where εµ(k, λ) is the polarization vector, Eq. (19) gives
kµε
µ(k, λ) = 0 . (21)
According to this condition the longitudinal polarization (λ = 3) is allowed to be present together with
two transversal polarizations (λ = 1, 2) for each k.
Since the mass term in Leff is replaced with eLAM which is gauge invariant, the eective actionR
d4xLeff (x) is invariant with respect to the usual BRST transformation
Aµ(x) ! Aµ(x) + δζ∂µC(x) ,
C(x) ! C(x)δζ 1
ξ
∂µAµ(x) ,
C(x) ! C(x) ,
where δζ is an innitesimal fermionic real parameter independent of x. It is now particularly emphasized
that if the three polarization states allowed by the condition (21) are really present, each of them should
be invariant under the transformation
Aµ(x) ! Aµ(x) + δζ∂µC ,
where Aµ(x) and ∂µC are operators in the Schrodinger picture. Correspondingly, the operators ayµ(k)
and aµ(k) transform as
δayµ(k) = iδζekµpω/jkjCy(k) , (22)
δaµ(k) = iδζekµpω/jkjC(k) , (23)
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where the components of ekµ are
ek0 = jkj , ekl = kl . (24)
Therefore the BRST invariance of εµ(k, λ)ayµ(k)j0i implys
ekµεµ(k, λ)Cy(k)j0i = 0 . (25)
Since Cy(k) are creation operators, one gets
ekµεµ(k, λ) = 0 . (26)
Actually, only the transversal polarizations satisfy this additional condition, thus the longitudinal polar-
ization should be excluded.
In conclusion, a massive gauge boson, just like a massless one, has only two transversal polarizations.
It is clear that for a theoretical model which is formed from a gauge theory with various modications,
our arguments in this paper is still valid provided the gauge bosons in the initial and nal states are
described by the Lagrangian givin in Eq. (1). Consequently, we have much more room than before in
constructing theoretical models.
In addition, we mention the unitarity-violating problem caused by the longitudinal polarisation. If








and on the fact that the longitudinal polarisation vcctor εµ(k, 3) at high energy tends to kµ/M . Such
trouble, which in the pass were thought to exist, is one of big obstacles in developing massive gauge eld
theories. In our recent works, a massive SU(n) gague eld theory was proved to be renormalisable [5]
and a method was developed to construct the scattering matrix based on the renormalized theory [9].
Consequently, the exclusion enables a massive SU(n) gauge eld theory to be logically consistent. This
also indicates that it is naturally reasonable to exclude the longitudinal polarisation of a massive gauge
boson.
Finally, for the known massive gauge bosons, we believe that they will be conrmed experimentally
to have no longitudinal polarization.
We are grateful to Professor Yang Li-ming and Professor Song Xing-chang for helpful discussions.
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